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Abstract
Background: Prenatal balanced protein energy supplementation consumed by undernourished women improves
mid-upper arm circumference in early infancy. This study aimed to identify whether locally produced maternal
food-based supplementation improved anthropometric measures at birth and early infancy.
Methods: A village-matched evaluation, applying principles of a cluster randomised controlled trial, of a locally produced
supplemental food to 87 undernourished pregnant women. 12 villages (intervention: n = 8; control: n = 4) in
Pirganj sub-district, Rangpur District, northern Bangladesh. Daily supplements were provided.
Results: Anthropometric data at birth were available for 77 mother-infant dyads and longer-term infant growth data
for 75 infants. Mid-upper arm circumference (MUAC) was significantly larger in infants of mothers in the intervention
group compared with the control group at 6 months (p < 0.05). The mean birth weight in babies of supplemented
mothers (mean: 2·91 kg; SD: 0·19) was higher than in babies of mothers in the control group (mean: 2·72 kg; SD: 0·13),
and these changes persisted until 6 months. Also, the proportion of low birth weight babies in the intervention group
was much lower (event rate = 0.04) than in the control group (event rate = 0.16). However, none of these differences
were statistically significant (p > 0·05; most likely due to small sample size). The intervention reduced the risk of wasting
at 6 months by 63.38% (RRR = 0.6338), and of low birth weight by 88·58% (RRR = 0.8858), with NNT of 2.22 and 6.32,
respectively. Only three pregnant women require this intervention in order to prevent wasting at 6 months in one
child, and seven need the intervention to prevent low birth weight of one child.
Conclusions: Locally produced food-based balanced protein energy supplementation in undernourished pregnant
women in northern Bangladesh resulted in larger MUAC in infants at 6 months. Further research, with larger sample
sizes, is required to confirm the role of locally produced supplementation for undernourished pregnant women on
weight and linear growth in newborns and infants.
Trial registration: This research was registered with the ISRCTN registry (ISRCTN97447076). This project had human
research ethical approval from the James Cook University (Australia) Ethics committee (H4498) and the Bangladesh
Medical Research Council (BMRC/NREC/2010–2013/58).
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Background
Size at birth and growth in early infancy are important
indicators of early childhood survival and health. Mater-
nal undernutrition, an indicator of poor fetal growth, is
associated with lowered birth weight [1]. Low birth
weight babies have a substantially increased risk of
stunting, infant mortality, and morbidity [2, 3]. Child-
hood undernutrition leads to increased susceptibility to
infections and subsequent undernutrition [4]; shorter
adult height [5]; decreased cognitive function [6]; and
increased risk of maternal complications and chronic
disease in later life [5, 7].
In a recent systematic review and meta-analysis, bal-
anced protein energy supplementation among under-
nourished pregnant women was found to significantly
improve birth weight in low and middle-income coun-
tries (d = 0·203, 95% CI, 0·03–0·38, p = 0·021) [8]. The
impact on longer-term growth remains inconclusive be-
cause few randomised controlled trials (RCTs) have re-
ported on this outcome [8]. An RCT in Indonesia
showed a significant increase in height up to 60 months,
and weight up to 24 months of age, with a greater effect
at 9 and 12 months of age, respectively [9]. Positive find-
ings have been reported in non-RCTs on longer-term
growth from supplementation of undernourished preg-
nant women, especially when the supplement meets an
energy gap [8, 10–12].
Although a number of studies have included
food-based supplements using locally available and
preferred foods [13–16], the evidence on effective
approaches for the treatment of acute maternal malnu-
trition to improve growth outcomes at birth and early
infancy is limited, and sustainability is rarely considered.
The cost of food-based supplementation, even locally
produced, is often beyond the reach of pregnant women
in low-income countries, where undernutrition is most
prevalent [17].
Bangladesh has among the highest rates of maternal and
child undernutrition worldwide [18]. Maternal undernu-
trition affects one in three women (defined as a body mass
index < 18·5 kg/m2) [19] and low birth weight (< 2·5 kg)
affects one in five newborns [20]. Among children aged 6
to 59 months, stunting has declined from 51% in 2004 to
36% in 2014, and wasting has declined from 15 to 14%
[21]. In rural Bangladesh, extreme poverty1 is three times
higher than in urban areas, women are less likely to access
antenatal and postnatal services, and children suffer from
higher rates of chronic malnutrition (43 and 36% in rural
and urban areas, respectively) [22, 23].
The purpose of this study was to identify whether a lo-
cally developed balanced protein energy supplementa-
tion for undernourished pregnant women in rural areas
of northern Bangladesh, affected anthropometric mea-
sures at birth and during early infancy.
Methods
Setting and location
The study was conducted in the Pirganj sub-district of
Rangpur District, northern Bangladesh. The Pirganj
sub-district covers an area of 411·34 km2, consists of 332
villages, and has 385,499 inhabitants [24]. As in other
areas of Bangladesh, Rangpur has a tropical monsoon
climate with high temperatures, high humidity and
heavy seasonal rainfall from June to November. The vil-
lages are rural with dirt roads and are often inaccessible
during the wet season. Rangpur is reported to be more
vulnerable to seasonal food insecurity than other areas
of Bangladesh [25]. Rangpur’s main source of employ-
ment is agricultural labour though wages are low com-
pared to neighbouring districts [26]. We previously
identified that households were largely food insecure,
that the dietary diversity was poor, and that households
relied on homestead food production for both susten-
ance and income [27, 28].
Study design
The study reported here was the third phase of a multi-
phase study design. All three phases were committed to
local level applied research. The previous two phases
were published accordingly [8, 27–30]. Phase one con-
sisted of formative research exploring maternal dietary
preferences, and barriers and enablers to healthy eating
in a sub-sample of the study locations. Phase two in-
volved the development of a locally produced prenatal
food based supplement. To achieve this, a small business
enterprise was established, packaging was designed, and
a 30-day acceptability study conducted. As reported
here, the third phase consists of a pilot study testing the
effectiveness of the locally developed supplement.
A village-matched evaluation, using principles of a clus-
ter randomised controlled trial, was conducted. Recruit-
ment occurred from February 2013 to February 2015.
Rangpur district was selected based on its rural location.
Pirganj sub-district was purposively selected for this study
from eight sub-districts in Rangpur. Two of 15 unions2
from Pirganj were selected: one randomly selected as the
intervention site using computer-generated random num-
bers, and the other was matched to the intervention union
to act as the control. From the intervention union, eight
villages of a possible 24 were randomized to receive the
intervention using computer-generated random numbers.
From the control union, four villages of a possible 30 were
purposively matched to the intervention villages. Criteria
for matched controls included similarities between
socio-economics, demographics and agricultural produce.
The number of villages was determined based on popula-
tion, estimated incidence of pregnant women across the
study period, and the required sample size [19, 23, 24].
The estimated sample size was targeted to detect a
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reduction of the proportion of babies with LBW by 50%
(from 38 to 19%), with 80% power and alpha = 0·05.
Participants and recruitment
In the selected villages, the study recruited women of re-
productive age who were (1) confirmed to be pregnant
(by skilled health professional); (2) undernourished, as
defined by a mid-upper-arm circumference (MUAC)
≤22·1 cm3,4; and (3) not in need of a medical referral. (4)
Exclusion criteria included (1) the delivery of twins (only
singleton deliveries included); (2) a delivery outside of
the study period.
Information on the study recruitment and community
nutrition volunteers has been published elsewhere [29].
In summary, trained community nutrition volunteers5
compiled lists of all pregnant women in the twelve vil-
lages and invited these women to participate. Eligible
women were given a brief overview of the project and
written or verbal (with thumbprint) consent to partici-
pate was obtained after the participants had heard the
project information sheet read aloud in their local lan-
guage. Verbal consent was also obtained from the
leaders of each village to include their village in the
study.
Eight female community nutrition volunteers and two
(one male and one female) supervisors from the selected
villages were trained on the basics of nutrition, and the
study purpose and design. The community nutrition vol-
unteers had at least a primary school education, spoke the
local dialect, and were aged between 21 and 49 years.
Women in the intervention group received the inter-
vention by visiting community nutrition volunteers at a
designated community site on a daily basis. If the
women were unable to visit the community nutrition
volunteer, the volunteer would visit the household. All
enrolled women in the intervention villages received one
serving of the food-based supplement per day, within
seven days of enrolment to term. The community nutri-
tion volunteers closely monitored compliance to the
food-based supplement at every visit through observa-
tion and discussion. Women from the control villages
were unable to access the intervention supplement from
the intervention villages due to the careful enrolment
and follow-up process conducted by the community nu-
trition volunteers.
Supplement
Details on how the supplement was developed are pub-
lished elsewhere [30]. In summary, a small business en-
terprise comprising of local women was established, and
a food-based balanced protein energy supplement was
developed. The supplement consisted of 27% pigeon
pea, 35% banana, 16% sugar, 9% peanuts, 6% whole
milk powder, 6% sesame seeds and 1% iodised
salt (Additional file 1: Table S1). The supplement was
pretested, and the most acceptable version of the supple-
ment was selected for use in this intervention study. The
composition and energy content of the supplement was
designed to meet the estimated energy gap of undernour-
ished pregnant women, while the protein provided was
less than 25% of the total energy content [31]. Using lo-
cally procured ingredients, the supplement was prepared
at a single centre by village women.
Nutrition screening, nutrition education, and antenatal
and postnatal services
Women in intervention and control groups received
identical services and support except for provision of the
supplement. All pregnant women (regardless of study
enrolment) in the intervention and control groups were
screened for undernutrition through village-level
monthly campaigns conducted by the community nutri-
tion volunteers. Referral pathways with existing govern-
ment- and NGO-supported ante-natal care (ANC) and
post-natal care (PNC) services were established at the
onset of the study.
Regardless of study group, or nutrition status, all preg-
nant women living in the villages selected to participate
in this trial received iron-folic acid supplementation
through access to routine ANC and PNC services. In
addition, all women were tested for anaemia at a mobile
clinic and were provided treatment if identified as an-
aemic. The partnership with the mobile clinic was estab-
lished for the purpose of this study.
Data collection
Upon enrolment, community nutrition volunteers col-
lected the following data from participants: 1) back-
ground demographics; 2) household food security; 3)
dietary diversity and 4) anthropometry. Household food
insecurity was identified using the validated Food and
Nutrition Technical Assistance (FANTA) Household
Food Insecurity Access Scale (HFIAS) questionnaire
(Version 3) [32, 33]. Women’s dietary diversity scores
(WDDS) were determined using the validated Food and
Agricultural Organisations (FAO) dietary diversity ques-
tionnaire [34, 35]. Dichotomous variables were created
to indicate the presence (or absence) of each food group,
then these were aggregated to compute a WDDS [35].
A higher HFIAS score indicates greater food insecur-
ity, and lower WDDS indicates lower dietary diversity.
The questionnaires were contextualised, translated
into local terminology, back-translated and field tested
prior to use.
The community nutrition volunteers measured height,
weight and MUAC at participant enrolment and each
month of the data collection period, using the standar-
dised procedures recommended by the World Health
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Organisation [36, 37]. Height was measured to the nearest
millimetre (mm) with community-made adult height
boards, and weight to the nearest 100 g (g) with digital
SECA scales. MUAC was measured to the nearest mm with
adult MUAC tapes. Triplicate measurements were taken if
a variation occurred between the two measurements.
Maternal undernutrition was defined as MUAC ≤22·1 cm.
The cut-off was determined after a review of the evidence
and a discussion with organisations conducting nutrition
programmes and research in Bangladesh [36].
At birth, skilled health professionals6 recorded new-
born length to the nearest mm with a child length board
(standardised UNICEF length/height board), and weight
to the nearest 100 g with a beam-type scale (SECA
baby-scales). Where a skilled health worker was not
present or able to complete the measurement, commu-
nity nutrition volunteers did so. Community nutrition
volunteers recorded infant weight and MUAC at 1, 3,
and 6 months of age, or until the end of the study.
Weight at 6 months was measured using a calibrated
digital scale (SECA). Birth measurements were taken at
the place of birth within 24 h of delivery. Longer-term
measurements were taken at a designated community
space, or at the household. To ensure reliability, all an-
thropometric variables were measured twice by the com-
munity nutrition volunteers, and once by the clinic staff,
if the birth occurred at a health centre. If the two mea-
surements differed, a third measurement was obtained
to verify the correct measure. All weighing scales were
calibrated daily. Community nutrition volunteers re-
corded the occurrence of maternal mortality, miscar-
riages, stillbirths, and loss to follow-up. The procedure
was the same for all participants, whether in the inter-
vention or control group.
Outcomes
To identify whether a locally produced food-based sup-
plement improved birth and infant anthropometric mea-
sures, the primary outcomes included birth weight and
longer-term infant growth (weight and MUAC) at 1, 3,
and 6 months. The secondary outcomes were preterm
birth (defined as birth at < 37 weeks of gestation), mis-
carriage (delivery of infant ≤20 weeks), stillbirth (delivery
of an infant showing no signs of life ≥20 weeks), peri-
natal death (stillbirth or death of a live-born infant in
the first 7 days after birth), and neonatal death (death
within the first 28 days of life). We also measured acute
malnutrition (wasting) in infants at 6 months. Wasting
in infants was defined by a MUAC < 12·5 cm [38].
Compliance was calculated by dividing the total num-
ber of days the supplement was taken under direct ob-
servation, by the total number of days possible, i.e., the
number of days between enrolment and delivery. We de-
fined loss to follow-up as a participant leaving the study
area for a period longer than 2 consecutive weeks or de-
livering their infant in a place outside the study area.
Statistical methods
The Consolidated Standards of Reporting Trials (CON-
SORT) statement was used to ensure comprehensive
reporting of this study. The data quality was ensured by
quality checks associated with the data entry process,
double entry, and data cleaning. Data management was
conducted using Microsoft Excel. Statistical analyses
were performed using the statistical software package
IBM SPSS software, Version 23© (Armonk, NY, USA).
For categorical variables, between group differences
were assessed as suggested by Donner and Klar (1994)
[39]. Categories were treated as event rates, and these
were calculated for each cluster (e.g., proportion of ba-
bies with low birth weight in each cluster). Independent
samples t-tests were then used to compare intervention
and control groups, taking into account the clustering.
For numerical variables, means were calculated for each
cluster, then independent samples t-tests were used to
compare differences between intervention and control
groups, accounting for clusters (as described in Camp-
bell et al. 2000) [40]. A p-value of < 0·05 was considered
statistically significant. To estimate the effect of the
intervention, absolute measures of risk were also calcu-
lated. Specifically, Relative Risk Reduction (RRR), Abso-
lute Risk Reduction (ARR), and Number Needed to
Treat (NNT) were calculated in relation to the pro-
portion of participants categorised as low birth weight
(< 2·5 kg), and the proportion of participants with
MUAC< 12·5 at 6 months.
Ethics
This research was registered with the ISRCTN registry
(ISRCTN97447076). This project had human research
ethical approval from the James Cook University
(Australia) Ethics committee (H4498) and the Bangladesh
Medical Research Council (BMRC/NREC/2010–2013/58).
Results
Participation and recruitment
The participation and recruitment data are presented in
Fig. 1. From February 2013 to February 2015, 87
mothers aged 14 to 31 years were enrolled in the study:
58 in the intervention group and 29 in the control (Fig.
1). Birth weight outcome data were available for 77 of 87
(88·5%) pregnant women (intervention: n = 49, control:
n = 28) and infant anthropometric outcome data were
available for 75 children (intervention: n = 48, control: n
= 27). All births were singleton. No caesarean sections
were recorded for the mothers in either group. The main
reason for missing infant anthropometric outcome data
was that the duration of the data collection phase did
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not adequately allow for 6 months of follow up data to
be collected from infants enrolled later in the study.
Other reasons for missing longer-term growth data in-
cluded mothers being unavailable to bring their child to
the assessments due to household work or caring for
their other children. The number of women lost to
follow-up differed between groups (intervention: n = 2;
control: n = 0). The reason that one woman was lost to
follow-up was that she returned to her father’s village to
give birth; the other was unknown. Due to low numbers
of preterm birth, miscarriage, stillbirth, perinatal death,
and neonatal death, analyses on secondary outcomes
were not conducted. Instead, these data were excluded
from analyses (intervention: n = 7; control: n = 1). Two
cases were excluded from longer-term analyses; one due
to death (intervention), and one missing for unknown
reasons (control). All infants identified with moderate or
severe acute malnutrition were immediately referred to
community health centres for treatment7.
Baseline characteristics and compliance
The background characteristics of the 87 enrolled
women are presented in Table 1. There were no differ-
ences on demographic or anthropometric characteristics,
dietary or food security, between the intervention and
control groups at baseline (p > 0·05), except that women
in the intervention group were more religiously diverse
(Muslim, Hindu, and Christian compared with 100%
Muslim in the controls; p < 0·01). The mean age of the
women was 22·6 years (SD: 5·3). Most women attended
school, with the majority reaching either a primary or
Fig.1 Profile of the study (modified from the CONSORT diagram)
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lower secondary education level (37·6% and 47·1%, re-
spectively). The mean height of the women was
148·5 cm (SD: 5·5), with more than half below 148 cm
(52·6%), indicating chronic malnutrition. Most pregnan-
cies were identified in the first or early second trimester
(29·9% and 41·4%, respectively).
Compliance was high among the intervention group; al-
most all women consumed the full supplement on a daily
basis (n = 57). One woman did not consume the
supplement for a one-month duration during the third tri-
mester, as she was not reachable and therefore did not re-
ceive the supplement. No women refused the supplement.
Main results
Birth weight
The primary outcome data are presented in Table 2.
Birth weight was higher in the intervention group
(mean: 2·91; SD: 0·19) compared to the control group
Table 1 Background characteristics of participants according to study group (N = 87)a
Intervention group (n = 58) Control group (n = 29)
Background characteristics n % Median IQR n % Median IQR
Maternal age (years) 31 21 10 18 22·5 7
Trimester
First 23 41·1 10 38·5
Second 26 46·4 13 50·0
Third 7 12·5 3 11·5
Average household (HH) size 58 3 2 29 3 2
Food purchase decision-maker
Self 17 29·3 9 31·0
Husband 33 56·9 17 58·6
In-laws 8 13·8 3 10·3
Own land for cultivation 30 51·7 19 67·9
School attendance
Never attended 3 5·3 2 7·1
Primary 20 35·1 12 42·9
Secondary 34 59·6 14 50·0
Religion**
Islam 39 67·2 29 100
Hindu 13 22·4
Christianity 6 10·3
Parity
0 25 43·1 16 55·2
1 26 44·8 12 41·4
2 5 8·6 0 0
≥ 3 2 3·4 1 3·4
Stillbirth 0 0 1 3·4
Miscarriage 5 8·6 1 3·4
Anthropometrics
Maternal height (cm) 58 148 7.5 28 147 10·5
Maternal height < 148 cm 31 53·4 16 55·2
Dietary diversity score 58 5 1 29 5 1·5
Food security status
Food secure 1 2·1 3 10·7
Food insecure 46 97·9 25 89·3
aTrimester of pregnancy was determined based on last menstrual period (LMP)
** = p < 0.05
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(mean: 2·72; SD: 0·13) but this was not significant
(p > 0·05). We grouped birth weight into two categor-
ies: healthy birth weight (≥2·50 kg) and low birth weight
(< 2·50 kg). Low birth weight occurred much less fre-
quently in the intervention group (event rate = 0.04; ±0.10)
compared to the control group (event rate = 0·16 ± 0·18),
but this was not significant (p > 0·05).
Infant weight
Although mean weight in the intervention group was
higher than the control group at 1, 3, and 6 months, these
differences were not statistically significant (p > 0·05).
MUAC
The mean MUAC was significantly larger in the inter-
vention group compared to the control group at
6 months (intervention mean: 12·83, SD: 0·62; control
mean: 12·01, SD: 0·21 at 6 months; p < 0·05).
We conducted analyses to explore the event rate of
wasting at 6 months in the intervention and control
groups. The event rate was significantly lower in the
intervention group compared to the control group
(intervention mean: 0·26, SD: 0·22; control mean 0·71,
SD 0·21; p < 0·05).
Absolute measures of risk were calculated to further
describe the effect of the intervention, based on the pro-
portion of participants categorized as low birth weight,
and the proportion with MUAC< 12·5 at 6 months. The
intervention reduced the risk of low birth weight by
88·58% (RRR = 0·8858), and MUAC < 12·5 at 6 months
by 63·38% (RRR = 0·6338). The absolute risk reduction
was 15·82% for LBW, and 45% for MUAC< 12·5. The
Number Needed to Treat (NNT) was 6·32 (low birth-
weight) and 2.22 (MUAC< 12·5). That is, 7 pregnant
women need to experience this intervention in order to
prevent low birth weight in one child, and 3 pregnant
women need to experience the intervention in order to
prevent wasting at 6 months in one child.
Discussion
In northern Bangladesh, we found that daily supplemen-
tation with a locally produced food-based balanced pro-
tein energy supplement during pregnancy among
undernourished women resulted in infants with signifi-
cantly larger MUAC measurements at 6 months and
subsequently a lower event rate of wasting.
Although a clear trend was observed of heavier babies
at birth to 6 months in the intervention group compared
to the control group, the difference was not significant
(p > 0·05).
MUAC reflects protein reserves and thus lean mass
[41]. MUAC is an internationally recognised independ-
ent diagnostic criteria for acute malnutrition and is com-
monly used in the identification of children with a high
risk of death who are in need of treatment [42]. Among
pregnant women, MUAC cut-offs of < 21 and < 23 cm
indicate risk of low birth weight [36]. Our data demon-
strated that locally produced food-based balanced pro-
tein energy supplementation during pregnancy may
contribute to preventing acute malnutrition in infants at
6 months of age as MUAC measurements were larger in
the intervention group compared to the control group.
This finding is supported by several other studies show-
ing an association between birth weight and later lean
mass in children [43, 44]. A subsequent novel finding of
our research was the noticeable difference in the event
rate of wasting in the intervention group compared to
the control group. These findings align with those re-
ported by Mora and colleagues, who identified a lower
proportion of children with severe acute malnutrition in
the intervention group compared to their control group
[45, 46]. Our data suggest that the fetal growth period is
an important determinant of infant body composition.
Importantly, only 3 pregnant women need to experience
the intervention in order to prevent wasting at 6 months
in one child.
While there was a trend in favour of the intervention
group, our study found that locally produced balanced
protein energy supplementation did not significantly re-
duce the proportion of low birth weight babies among
undernourished pregnant women. The most likely rea-
son for not seeing a significant difference between the
two groups is due to the small sample size. These data
show that the intervention reduced the risk of low birth
weight by 88·58% (RRR = 0·8858), and that only seven
pregnant women require this intervention in order to
prevent low birth weight of one child. This finding is
supported by a recent systematic literature review on
balanced protein supplementation among undernour-
ished pregnant women in low- and middle- income
Table 2 Weight (birth, 1, 3, and 6 months) and MUAC (6 months)
of Intervention and Control
Intervention group (n = 8) Control group (n = 4)
Outcome Mean SD Mean SD P
Weight (kg)
Birth weight 2·91 0·19 2·72 0·13 0·13
1 month 3·88 0·35 3·44 0·33 0·06
3 month 5·64 0·74 4·87 0·49 0·09
6 month 7·01 0·89 6·53 0·67 0·37
MUAC (cm)
6 month 12·83 0·62 12·01 0·21 0·03
Low birth weighta 0·04 0.10 0·16 0.18 0·28
MUAC< 12.5a 0·26 0·22 0·71 0·22 0·01
aEvent rate
Note: Village means for birth weight, weight at 1, 3 and 6 months, and MUAC
at 6 months are shown in Additional file 2: Table S2
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countries [8]. A recent study in Malawi among moder-
ately malnourished pregnant women reported that new-
born birth weight was similar across intervention groups
that received Ready to Use Supplementary Food (RUSF),
Corn Soya Blend Plus (CSB+) with UNICEF/WHO/
UNU International Multiple Micronutrient Preparation
(UNIMMAP), and CSB+ with IFA, but the incidence of
newborns with a birthweight < 2.4 kg was higher in the
CSB+ with UNIMMAP group than the other groups
[47]. In addition, a study in Burkina Faso reported no ef-
fects on birth weight and suggested that this may have
been due to the provision of multiple micronutrient sup-
plementation to the intervention and control groups
(which is also known to increase birth weight), the tar-
geting of all pregnant women (nourished and under-
nourished), or due to the energy content of the
supplement [12]. Our study provided iron-folic acid, nu-
trition education and enabled access to ANC and PNC
services to both groups. In our study, we enrolled under-
nourished women only and provided a high-energy sup-
plement. It has recently been suggested that multiple
micronutrient supplements have more of an effect on
birth weight than iron-folic alone [48]. We did not iden-
tify an association between maternal supplementation
and longer-term infant weight gain. However, we identi-
fied a trend for heavier infants in the intervention group
from birth until 6 months. The most likely reason for
not seeing a significant difference between the two
groups may have been the study size and design, which
resulted in our sample size decreasing with time.
Finally, our study highlighted that locally produced
food-based balanced protein energy supplementation for
undernourished pregnant women can be produced at a
local level. While our finding is limited to the context of
northern Bangladesh, similar studies have demonstrated
that RUSF and Ready to Use Therapeutic Food (RUTF)
can be locally produced and sustainable [49, 50].
Our study had a number of limitations. First, we calcu-
lated our sample size based on the prevalence and esti-
mated incidence using the most recent Demographic
Health Survey data [19]. Our calculation overestimated
the number of women who would be enrolled in this
study. In addition, the study design included the enrol-
ment of pregnant women with subsequent follow-up
over a 24-month period only. Funding availability largely
influenced this. These factors resulted in a gradual de-
crease in the sample size, as we were unable to follow
every infant born to an enrolled woman until 6 months
of age. Further, the number of participants in each clus-
ter, and in the overall study, was relatively low. This low
sample size is a likely explanation for the lack of ob-
served statistical significance in some of the results (e.g.,
birthweight), due to type 2 error. Second, it was initially
planned that infant linear growth would be recorded.
However, due to delays in the procurement of infant
height/length boards, we were unable to include these
data in the study. Third, due to the sensitivity around
death, the volunteers did not record anthropometric
data for perinatal deaths. Fourth, the monthly nutrition
screening included a question on whether the mother
experienced an illness over the last 14 days, which may
have resulted in recall bias. An illness has the potential
to affect anthropometric measurements, and may re-
quire referral to certain health services. Mothers may
have forgotten an illness or when it occurred. Fifth,
self-report may have been an issue for some of the mea-
sures, such as questions on household food security and
dietary diversity. The monthly screening questions on
whether the mother had received any other form of as-
sistance from an NGO or other organisation, etc. In
population groups where food assistance or develop-
mental aid assistance are frequent, participants may
over-report food insecurity and under-report dietary di-
versity with the expectation of receiving assistance. Con-
versely, participants may modify their responses based
on social desirability. Sixth, we did not record whether
participants were affected by chronic diseases that are
known risk factors for Intrauterine Growth Restriction
(IUGR) and LBW. Therefore, we cannot rule out that
possible alternative explanations to our findings exist.
However, such variables were considered when matching
the control villages to the intervention villages. Lastly,
despite the active home visits by the community nutri-
tion volunteers, the proportion of women included early
in pregnancy was lower than desired, a limitation that
has been experienced by others [12].
Conclusion
In Rangpur district in northern Bangladesh, locally pro-
duced balanced protein energy supplementation, using a
community-based small business enterprise, reduced
wasting in children at 6 months when targeted to under-
nourished pregnant women. Further, this research illus-
trates how communities can be empowered to identify
and address maternal undernutrition. The intervention
reduced the risk of wasting at 6 months by 63.38%, and
of low birth weight by 88·58%. Only three pregnant
women require this intervention in order to prevent
wasting at 6 months in one child, and seven need the
intervention to prevent low birth weight of one child.
This supplementation thus contributed to better devel-
opment outcomes for the mother and child. Our study
findings highlight that programme decision-makers have
alternatives to the commonly used Ready to Use Foods
(RUFs) to treat acute maternal malnutrition, which may
not be sustainable, cost effective or acceptable to some
populations. While our study identified that the supple-
mentation improved infant lean mass, we recommend
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that studies with larger sample sizes further explore this
association. This study can inform future studies, with
larger sample sizes, that aim to investigate the effect of
maternal supplementation on longer-term infant growth
(weight, length and MUAC).
Key messages
 Effective balanced protein energy supplementation
for undernourished pregnant women can be locally
produced.
 Communities can be empowered to develop
effective balanced protein energy supplementation,
identify maternal acute malnutrition, and provide
treatment.
 Daily supplementation with a locally produced food-
based balanced protein energy supplementation
during pregnancy may contribute to reducing acute
malnutrition in infants at 6 months of age. Further
studies with larger sample sizes are required to
explore this association.
 Further research using larger sample sizes is required
to explore the effect of daily supplementation using
locally produced food-based balanced protein
energy supplementation during pregnancy among
undernourished women on a baby’s weight at
birth ad early infancy.
 Findings from this study can inform, guide and
motivate policies by providing evidence on a
sustainable nutrition intervention that improves
birth weight.
Endnotes
1Defined as earning less than $1.25 per day by the
World Bank. See Ravallion, Chen, and Sangraula (2009)
for further information on how the $1.25-a-day inter-
national poverty line was derived [22].
2Union is defined as the smallest rural administrative
and local government unit in Bangladesh.
3MUAC was the preferred indicator to identify mater-
nal undernutrition based on its association with low
birth weight. Ververs MT, Antierens A, Sackl A, Stader-
ini N, Captier V. Which anthropometric indicators iden-
tify a pregnant woman as acutely malnourished and
predict adverse birth outcomes in the humanitarian
context? PLoS currents. 2013;5; WHO. Maternal anthro-
pometry and pregnancy outcomes. A WHO Collabora-
tive Study. Bulletin of the World Health Organization.
1995.
4Maternal undernutrition was defined by a MUAC
≤22·1 cm. The MUAC cut-off selected aligns with that
commonly used by NGOs in Bangladesh at the time this
study was designed.
5Volunteers received a monthly stipend to compensate
for time spent on this project and attended multiple
trainings associated with this study.
6Defined as those that have received formal training.
In addition, skilled health professionals received add-
itional anthropometric training for the purpose of this
study.
7World Vision (NGO) supported malnutrition services
at the health centres located in the villages that partici-
pated in this study.
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